The Mayo Clinic, Rochester, MN Purpose: To review the content and psychometric characteristics of 6 published tests currently available to aid in the study, diagnosis, and treatment of motor speech disorders in children. Method: We compared the content of the 6 tests and critically evaluated the degree to which important psychometric characteristics support the tests' use for their defined purposes.
C linicians and researchers turn to a wide array of clinical measures to assist in decision making about diagnosis, treatment planning, and assessment of progress. These measures include informal probes, published checklists, and standardized, elicited samples of behavior. Minimally, measures can be considered standardized tests when they specify standard procedures for administration and interpretation (American Educational Research Association [AERA] , American Psychological Association, & National Council on Measurement in Education, 1999). To be considered well developed as well as standardized, however, tests must also be supported by evidence that they function as intended when used as recommended. Specifically, they must demonstrate evidence of reliability and validity for their intended purposes and population (AERA et al., 1999; Dollaghan, 2004; Haladyna, 2006; Linn, 2006; Messick, 1989 Messick, , 1995 . To date, however, only sporadic efforts in the form of individual test reviews have been made to examine the extent to which well-developed standardized tests are available for assessing speech and nonspeech oral motor function in children (e.g., Guyette, 2001; McCauley, 2003; Towne, 2001) . A critical review of the content and psychometric characteristics of tests for children with motor speech disorders is necessary and overdue.
Reviewing a test's psychometric characteristics entails critically evaluating evidence that the test functions as intended (i.e., is valid) for the purposes and populations for which it was originally developed and is currently used. As part of such a review, evidence of reliability is evaluated as a necessary prerequisite for validity: A less reliable test is necessarily a less valid one. Other elements of the test's preliminary or ongoing development are also reviewed because they, too, indirectly support the argument for validity. For example, the quality of norms or behavioral standards linking test results to clinical decisions also affects the degree to which the test can be validly used for a specific purpose (Buckendahl & Plake, 2006; Cizek, 2006) . Therefore, their description and justification are also routinely reviewed as part of an overall psychometric examination.
Three serious challenges seem likely to impede test authors' pursuit of high psychometric standards (e.g., AERA et al., 1999) for tests of motor speech production in children. These challenges are (a) the field's limited understanding of the nature of motor speech disorders in children, (b) the changing manifestations of these disorders at differing stages of children's development, and (c) the difficulties associated with devising performance tests for young children. These three challenges present compelling reasons to believe that tests in this area may not be well developed and that taking stock of their current status can serve as an important step toward promoting their judicious use and improving the quality of ongoing test development in this area.
The field's limited understanding of motor speech disorders in children is demonstrated most powerfully by a lack of agreement on core characteristics that can help guide test construction and validation and lead to the development of a test that can serve as a gold standard. This lack of agreement is particularly evident for childhood apraxia of speech (CAS), for which many different core characteristics have been proposed (Caruso & Strand, 1999; Davis, Jakielski, & Marquardt, 1998; Forrest, 2003; McCabe, Rosenthal, & McLeod, 1998; Shriberg, Aram, & Kwiatkowski, 1997a) . The recent publication of a position statement concerning CAS (American Speech-Language-Hearing Association, 2007) may help reduce this controversy somewhat (especially with regard to the existence of the disorder) but is unlikely to entirely eliminate controversies surrounding it. Although dysarthria is a more universally recognized category of pediatric motor speech disorders, there is still no gold standard for distinctions among dysarthria types during speech development. In addition, some types of dysarthria may be difficult to distinguish from apraxia, especially in children (Yorkston, Beukelman, Strand, & Bell, 1999) .
The absence of a gold standard is a common problem facing researchers and clinicians dealing with a variety of behavioral and medical disorders (Aronowitz, 2001; Dollaghan, 2004; Feinstein, 2001; Streiner & Norman, 2003) . It places special demands on test authors in their validation efforts because they cannot obtain evidence that the test takers' performances on the new test parallel those of a gold standard. Denied this relatively straightforward evidence of validity, authors must use more elaborate methods of validation. Absence of a gold standard also precludes the detailed description of a new test's diagnostic accuracy using metrics from clinical epidemiology that are increasingly used in speech-language pathology (e.g., sensitivity and specificity; Fletcher & Fletcher, 2005; Spaulding, Plante, & Farinella, 2006) . These require a gold standard, or an arguable substitute for it, for their calculation (Dollaghan, 2004) .
A second challenge facing test authors is the changing nature of children's motor speech disorders over time (Lewis, Freebairn, Hansen, Iyengar, & Taylor, 2004; Strand, 2002; Yorkston et al., 1999) . Because of such change, tests that might be quite appropriate for use in diagnosis of the disorder at one age or level of severity may be quite inappropriate for that purpose at other ages and levels of severity. For example, whereas prosodic abnormalities may be observable in children with CAS who have attained a certain level of speech production skill, such abnormalities may not be apparent in children who are more severely affected and produce limited speech. Similarly, deficits in production of multisyllabic words may be particularly significant in some older children suspected of having CAS (Shriberg, Aram, & Kwiatkowski, 1997b ), but such abnormalities may be very difficult to identify in younger and/or severely affected children who may produce only monosyllabic words or almost no speech at all.
A third challenge to test authors interested in children's motor speech disorders is the special difficulty posed by the development of performance tests, such as those involved in the evaluation of nonspeech oral motor and motor speech functions, in which behavior samples are elicited and evaluated (e.g., Robbins & Klee, 1987; Thoonen, Maassen, Wit, Gabreels, & Schreuder, 1996) . Performance tests, in which open-ended responses and skilled evaluation of the response are the rule, have received less attention from psychometricians than conventional educational tests that use relatively constrained responses (e.g., multiple-choice formats) and scoring systems (e.g., right /wrong; AERA et al., 1999; Bennett, 1993; Welch, 2006) . Such tests are known to place complex cognitive demands on test takers and evaluators alike (Cizek, 2006; Rvachew, Hodge, & Ohberg, 2005) . Understandably, their development is especially difficult when maximal performance is sought (e.g., diadochokinetic rates) and when the test takers are young children whose attention, cooperation, and even understanding of task requirements are often uncertain (Davis & Velleman, 2000; Kent, Kent, & Rosenbek, 1987) .
Based on the unexamined quality of current tests and the challenges posed in their development, there exists a pressing need to examine the content and psychometric characteristics of tests designed to assess speech and nonspeech oral motor function in young children. The purpose of this article is to provide such an examination. In it, we discuss content descriptively by comparing the intended populations and purposes of six tests developed to measure children's nonverbal oral motor and/or motor speech skill. We then evaluate their psychometric adequacy using operational definitions based on traditional expectations for normreferenced measures, criterion-referenced measures, or both, depending upon the author's intended purpose (AERA et al., 1999; Buckendahl & Plake, 2006; McCauley, 2001 ). In particular, reliability and validity are examined. We conclude with a summary of the current state of these tests as well as recommendations for the future use and development of tests in this area.
Method

Test Search Strategy
We located candidate tests published between January 1990 and July 2006 through searches of publisher catalogs received in the first author's academic department and three additional sources: the Health and Psychosocial Instruments (HaPI) database, the Buros Institute's text yearbooks (e.g., Plake & Impara, 2001) , and the Buros Institute's Test Reviews Online (Buros Institute, 2006) . In publisher catalogs, we examined entries under all of the following categories: assessment or evaluation, motor speech, articulation, and phonology. 
Inclusionary/Exclusionary Criteria
We selected tests for review if they (a) were standardized (i.e., included standard stimuli and instructions for administration and interpretation); ( b) included young children (i.e., children at or below elementary school age) among the age groups for which the measure was intended; (c) addressed nonverbal oral motor or motor speech function, or both; and (d) were available in July 2006 through a commercial source. From these, we excluded tests if they focused solely on oral mechanism structure (e.g., the Oral Mechanism Examination for Children and Young Adults; Riski & Witzel, 2001) or sound system analyses (e.g., the Hodson Assessment of Phonological Patterns-Third Edition; Hodson, 2003) . These criteria were used in order to focus on tests most likely to be used to answer questions related to the management of the special speech production challenges of children with motor speech disorders.
The Review Process
The first author reviewed selected tests for the following information: (a) information about the population for whom the test is intended, (b) purposes for which the test is intended to be used, (c) item content, (d) norms and/or behavioral standards used to guide score interpretation, and evidence of (e) reliability and (f ) validity. Information concerning each test's target populations and purposes was sought in introductory sections of the manual and with sections on test administration and interpretation.
Categorization of test content. We categorized the content of each test item as assessing (a) nonverbal oral motor function, (b) motor speech function, or (c) oral structure. We categorized items as assessing nonverbal oral motor function when movements of the jaw, lips, tongue, or palate were observed in nonspeech contexts; speech motor function when movements of articulators were examined during speaking; and oral structure when the structures were examined at rest. (Although we had not planned to address oral structure content in this study, we did so in order to describe the content of the reviewed tests comprehensively.) We calculated percentages of items within each category as the number of items in that content area divided by the total number of items in the test, multiplied by 100.
Within the larger category of nonverbal oral motor function, we further subcategorized items according to nonfeeding or feeding functions. Items were subcategorized as assessing nonfeeding oral motor functions if they involved movements outside of the context of both speech production and food (e.g., "Show me how you blow"; Hayden & Square, 1999, p. 44) . They were subcategorized as assessing feeding if they directly or indirectly assessed oral movement patterns in relation to food (e.g., "Child displays the ability to easily bite through various food thicknesses which are age appropriate"; Jelm, 2001, p. 11) . We calculated percentages of each subcategory as the total number of items in the subcategory divided by the total number of nonverbal oral motor items on the test, multiplied by 100.
Evaluation of psychometric characteristics. We evaluated psychometric characteristics of each test by examining the methods the test authors specified for interpreting test takers' performances as well as for demonstrating the test's reliability and validity. Table 1 summarizes the operational definitions we used to judge adequacy of psychometric characteristics, which are described in greater detail in this section.
Rather than making binary judgments of adequacy, we applied operational definitions using a three-way distinction to evaluate the methods used by test authors to guide users in test interpretation and to support claims of reliability and validity. Specifically, we made a distinction between a test's (a) providing no relevant information about the characteristic being examined, (b) providing some information but failing to meet the operational definition for adequacy, and (c) meeting the operational definition for adequacy. Information about earlier versions of the test was examined, but it was not considered relevant to determining adequacy for the current version of the test.
First, we examined the method specified for the interpretation of test performance. For each test, we examined the quality of norms, behavioral standards used in test interpretation, or both, based on each test's intended purposes (Linn, 2006; McCauley, 1996 McCauley, , 2001 ). Specifically, we examined norms for tests that indicated use for diagnosis or screening as purposes and behavioral standards for tests that indicated treatment planning and/or examining behavioral change as purposes (McCauley, 1996 (McCauley, , 2001 Merrell & Plante, 1997) .
To judge the adequacy of test norms, we examined test authors' methods for normative group identification and description. In order to meet the operational definition for adequate test norms, authors needed to indicate the methods by which they determined group membership (e.g., testing, parental and teacher report, previous diagnosis) and to describe characteristics of group members that would help test users judge the applicability of the norms to their client. For groups with typical speech, these descriptive characteristics were age, gender, and the presence (or absence) of nonspeech difficulties. For groups with disordered speech, a judgment of adequacy required an additional fourth characteristic-the severity of the speech disorder.
To judge the adequacy of behavioral standards used for decision making, we evaluated test authors' methods for identifying and justifying any behavioral standard used in test interpretation. For example, when a manual instructed test users to plan treatment based on profile analysis, the test developer needed to specify how performance on a specific subtest or item(s) would be determined to be worthy of treatment focus (e.g., by specifying the cut score at which a subtest would be considered a reasonable treatment focus). Alternatively, when a manual instructed test users to use the test to examine changes in a child's skills over time, the test developer needed to specify how significant change (rather than change due to test error) would be identified and whether the test user was to look for such change for the test as a whole, for subtests, or individual items. We examined sections of the test manual dealing with test interpretation for this information.
We then turned to examination of reliability and validity. With regard to reliability, we examined (a) test-retest and ( b) interexaminer reliability. For both types of reliability, the magnitude and statistical significance of the reliability coefficient and the quality of the study in which it was obtained were of interest. Any reliability correlation coefficient needed to be statically significant and at least .90, a magnitude that is frequently cited as a minimum standard for diagnostic purposes (Salvia & Ysseldyke, 2007) . Whereas the size of the correlation is deemed important for describing the degree of relationship, statistical significance was also evaluated in order to rule out findings that may have been due to chance. In addition, we examined the study in which the correlation data were obtained. In order to meet the operational definition for adequacy, the study needed to include adequate description of participants and testing intervals for test-retest reliability, or description of participants and examiner qualifications for interexaminer reliability. We sought information related to this operational definition in the reliability section of each test manual.
With regard to validity, we examined three categories of evidence: content validation (evidence that the test content is relevant and adequately covers the construct being assessed), criterion-related validation (evidence that the test performs in a manner similar to another measure that is thought to be a valid indicator of the construct), and evidence of construct validation (evidence that the test functioned as predicted, given the assumption that it successfully measures the underlying construct). We looked for all forms of validity evidence under sections of test manuals related to validity, but also examined the description of test development for evidence of content validation.
The operational definitions for the three sorts of evidence used for test validation were intended to provide considerable flexibility for how test authors approached that process. For content validation, the test manual needed to provide any of the following in order to be rated as adequate: (a) description and justification of methods used to choose content so that it was relevant and represented an adequate sample of the construct being assessed, (b) expert opinions to verify that test content appeared relevant and comprehensive, or (c) an item analysis to study items during the test's development. For adequacy of criterion-related evidence of validity, the test manual needed to describe one or more studies in which test takers' performances on the test correlated with an alternative, well-motivated measure of the construct. For construct validation, the test manual needed to provide evidence of any of the following: that the relationships of performances on different items within the test met expectations concerning One or more study in which test scores correlated, as predicted, with a second well-motivated measure of the test's underlying construct. The study participants and statistical methods were described. Construct Any of the following were needed to meet the operational definition: (a) Evidence from a factor analytic study confirming expectations of the test's internal structure (b) Evidence that test performance improves with age (c) Evidence that groups that were predicted to differ in test performance actually do so. In addition, evidence needed to be obtained within a study in which statistical methods and participants were described. the test's internal structure (a factor analytic study), that test performances improved with age (a developmental study), or that groups expected to differ on the test actually did so (a contrasting groups study; McCauley, 2001 ). In addition, the research studies used to provide any validity evidence needed to be described both in terms of participant characteristics and statistical methods.
Results
Only 6 of the 22 tests identified for possible review met inclusionary and exclusionary criteria. These were the Apraxia Profile (AP) Preschool and School-Age Versions (Hickman, 1997) ; the Kaufman Speech Praxis Test for Children (KSPT; Kaufman, 1995) Hayden & Square, 1999) . The remaining 16 tests were omitted from the review because they did not include focus on nonverbal oral motor and/or motor speech performance.
2 Table 2 summarizes two characteristics for the six reviewed tests that significantly affect any test's relevance for specific children and assessment questions: (a) age range covered by the test and (b) the test's intended purposes. The manual for the VDP did not specify an appropriate age range, but manuals for the other tests advocated use with children of widely varying ages as well as with adults. Only the age range specified for the KSPT included children below the age of 3 years.
Stated purposes of the six tests included diagnosis, screening, treatment planning, and measuring change over time. Authors also stated use as a research measure and use as a training tool as purposes. Because the last two of these "uses" specify a context rather than a specific use, they were not included in Table 2 . Authors of five of the six tests (all except the OSMSE-3) described them as appropriate for multiple purposes. All six of the test authors endorsed their test's use in either screening or diagnosis-purposes that usually involve norm-referenced interpretation or an empirically derived cutoff based on a group comparison (McCauley, 2001; Merrell & Plante, 1997; Pena, Spaulding, & Plante, 2006) . Authors of five tests indicated that they were appropriate for purposes that are usually associated with a criterionreferenced mode of interpretation, such as treatment planning or assessing behavioral change over time (McCauley, 1996 (McCauley, , 2001 ). In such cases, the specification of a behavioral standard serves a similar interpretative function as test norms for a norm-referenced interpretation.
Test Content
Despite the reviewed tests' overlapping purposes, their content varied considerably (see Figure 1) . Oral structure was assessed in only two tests: the VMPAC (1% of test items) and the OSMSE-3 (50% of test items). Nonverbal oral motor function was assessed in five of the six tests, but composed anywhere from 8% (KSPT) to 73% ( VDP) of each of those tests' items. Motor speech function was assessed in all tests and composed from 8% (OSMSE-3) to 100% (STDAS-2) of the test's content. Thus, although five tests included both nonverbal oral motor and speech motor content (excluding only the STDAS-2), the relative proportion of items devoted to these content areas varied considerably across tests.
Within the five tests that sampled nonverbal oral motor function, both feeding and nonfeeding items were included in some tests. Items related to nonfeeding were more common than those related to feeding. Two tests (KSPT and OSMSE-3) included no items related to feeding, whereas two others had some items related to feeding: the AP (Preschool form, 33%, and School-Age form, 15%) and VMPAC (7%). In contrast, the VDP included more feeding than nonfeeding items (58% vs. 42%, respectively).
Although motor speech items were included in all six tests, the items varied considerably in complexity, task requirements, and type of judgment made by the tester. Items were 2 Aase et al., 2000; Bankson & Bernthal, 1990; Dawson & Tattersall, 2001; Fisher & Logemann, 1971; Fudala & Reynolds, 2000; Goldman & Fristoe, 2000; Hodson, 2003; Khan & Lewis, 2002; Lanphere, 1998; Masterson & Bernhardt, 2002; Pendergast, Dickey, Selmar, & Soder, 1997; Riski & Witzel, 2001; Secord, 1981; Secord & Donohue, 1998; Weiss, 1980; Wilcox & Morris, 1999 . usually organized according to linguistic or motor speech complexity (e.g., single phoneme production, syllable production, word production, sentence production). Methods of elicitation varied considerably (e.g., imitated vs. spontaneous, number of repetitions). Tests also used varying methods of manipulating complexity. Accuracy was measured for numerous aspects of the child's performance (e.g., prosody, phonetic accuracy, and syllable sequencing), but varied widely across tests.
Psychometric Characteristics
Methods of interpreting test performance: norms. We considered the quality of norms for all six tests because their test manuals indicated diagnostic and/or screening purposes. Table 3 indicates that only half of the tests provided information on norms.
The VMPAC was the only test we reviewed that met our operational definition for adequate norms. Although the 
Note. Performance was rated as follows: No relevant information was provided (-); failed to meet operational definition for adequacy, but some relevant information was provided (*); met the operational definition for the current version of the test (( ); not applicable (NA VMPAC manual reported on four clinical groups, only data for the single group of children with typical speech were used as norms. For the normative group, children's eligibility was based on age, English language use as determined by parent and examiner report, and ability to take the VMPAC with no test protocol modifications. Children were not excluded based on other disabilities. The normative group as a whole was described in terms of percentages of age, gender, and "an overall level of attention deficit disorder, developmental delay, emotional disturbance, learning disability, or other health impairment," as well as in terms of "gifted and talented status" (Hayden & Square, 1999, p. 15) . Two tests, the KSPT and the STDAS-2, used two normative groups-one with typical speech and one with disordered speech. The KSPT test manual included information about how children were selected for each of those groups but did not appropriately describe each of the groups and so did not satisfy the operational definition used for adequate description. In particular, no information was offered concerning the presence or absence of nonspeech problems for the 447 children with typical speech. Neither was the severity of the speech impairment described for the 263 children composing the clinical group. The STDAS-2 also did not meet the operational definition for adequate norms; specifically, it did not provide information about nonspeech problems in either the group of 51 children with normal speech or the group of 49 children with CAS. In addition, children selected for the group with CAS were identified by referral because they were "suspected of or identified as having developmental apraxia of speech" (Blakeley, 2001, p. 13) ; however, the test manual did not mention any additional steps confirming diagnosis, and no description of severity was provided.
Methods of interpreting test performance: behavioral standards. Manuals for five of the six reviewed tests advocated their use for one or more purposes usually associated with criterion-referenced interpretation of test performance (e.g., planning treatment). Therefore, an examination of the quality of behavioral standards is as relevant for them as examination of the quality of norms is for tests used for screening or diagnosis. Whereas the VDP manual specified its use for treatment planning only, manuals for four tests (AP, KSPT, STDAS-2, and VMPAC) indicated they could be used for both treatment planning and assessing change over time.
None of the five tests indicating treatment planning as an intended use specified a behavioral standard to serve as a basis for deciding whether specific areas of content should be addressed in treatment. The KSPT and VMPAC manuals indicated that examining performance across subtests would support treatment planning, but they went no further in describing the method to be used. The KSPT manual provided an example in which performance at 1 SD below the mean of the typical group's performance on a subtest was the apparent basis for recommending treatment on related content. However, the manual contained no explicit statement of that cut-score as a standard and provided no rationale for the implied cutoff. The VMPAC manual provided five case examples of children with problems of varying severity, but no explicit standards and consequently no justification for them. Even less guidance was provided by manuals for the AP, STDAS-2, and VDP. These tests indicated that errors on test items should be used to guide treatment planning but provided no guidance about how that purpose should be accomplished and no rationale for this method.
Examination of change over time was listed as an appropriate use by manuals for the AP, KSPT, STDAS-2, and VMPAC. Nonetheless, the AP, STDAS-2, and VMPAC manuals did not indicate how test performance could be used to help achieve this purpose. The KSPT manual contained the statement that "Progress can be quantified in several ways" (Kaufman, 1995, p. 3), then noted the availability of raw scores and derived scores (percentiles, age equivalents) associated with norms for two groups with typical and disordered speech, respectively. However, it provided no additional information concerning what would constitute a meaningful demonstration of change (i.e., it offered no behavioral standard for distinguishing measurement error from significant change). In summary, none of the five test manuals explicitly stated and justified a behavioral standard for assessing change.
Reliability. Only the KSPT and the VMPAC manuals provided information about test-retest reliability, which was reported for individual sections or subtests. Based on a reliability study of children from the disordered speech group, the KSPT obtained test-retest reliability coefficients for two subtests (the Oral Movement and the Simple Phonemic and Syllabic Level subtests) that met or exceeded our required level of .90 for adequacy of reliability but were not described in terms of statistical significance. Further, children in the disordered speech group were not described in terms of age or severity, and the test-retest interval was unspecified. The reliability study reported for the VMPAC used a welldescribed group of 115 children over a 7-to 14-day test-retest period. A reliability coefficient greater than .90 was obtained for the Focal Oral Motor Control section of the test, but the manual did not indicate whether this coefficient was statistically significant. Therefore, the Focal Oromotor Control section of the VMPAC did not achieve the operational definition simply because the question of statistical significance was not addressed.
For current versions of the tests, interexaminer reliability data were only reported for the VMPAC. All five VMPAC subtests yielded reliability coefficients that met or exceeded .90, but no information was provided about the statistical significance of these correlations. These correlations were obtained in a study in which 119 children from the standardization sample were simultaneously tested by one examiner and scored by another. Although the children were described in terms of age and racial /ethnic background, the number and training of examiners who participated in this study were not stated. Therefore, the VMPAC did not provide all of the information required to meet the operational definition for adequate interexaminer reliability.
Validity. For evidence of validity, the operational definitions allowed for several different kinds of evidence (see Table 1 ). Only two tests-STDAS-2 and VMPAC-provided information regarding content validation for current versions of the test. Both did so by attempting to offer credible justifications of item content and item analysis methods. The VMPAC offered justifications of item content, thus allowing it to meet the operational definition for content validation. The STDAS-2 did not because its justification of items was incomplete. Neither the VMPAC nor STDAS-2 provided convincing evidence related to item analysis.
Only the KSPT pursued criterion-related validation using a current version of the test. In that validity study, the test developer correlated three subtests (Oral Movement, Simple Level, and Complex Level) with ratings of spontaneous speech for the two groups of children from the normative sample (typical speech and speech disordered). However, none of the resulting correlations reached the .90 level specified in the operational definition. Therefore, this method of validation was not successfully pursued by any of the six tests we evaluated.
Construct validation methods were reported for current versions of two tests (STDAS-2 and VMPAC) out of the six we examined. Both attempted to provide such evidence using contrasting group and developmental studies. Neither test manual described studies that satisfied the operational definition for this type of evidence. The STDAS-2 contrasting groups studies provided insufficient information about participants and no statistical analysis. The STDAS-2 developmental study, which was associated with a moderate correlation between age and performance on one subtest (Articulation), also did not adequately describe participants. The VMPAC provided tabular and graphic presentations of mean data to argue for evidence of developmental trends as well as for evidence of differences across contrasting groups. Although the groups were quite well defined in terms of demographic and other characteristics in each study, statistical examination of the data was missing.
Summary of Results
Although test manuals offered some evidence related to norms and behavioral standards for use in test interpretation, few documented efforts to support reliability and validity. Only the VMPAC provided norms that were adequately described. None of the tests provided clearcut behavioral standards on which to base decisions regarding treatment planning or change in performance over time. The VMPAC came closest of any of the tests to meeting operational definitions for the adequacy of its reliability information but did not meet them due to a lack of statistical detail. The VMPAC was also the only test to meet any of the three operational definitions for validation (i.e., content validation). Across tests, the absence of information about participants and a lack of attention to statistical support for evidence were largely responsible for unmet operational definitions.
Discussion
The purpose of this study was to review the content and psychometric characteristics of the six published standardized tests currently available to aid in the study, diagnosis, and treatment of motor speech disorders in children. Although tests in this area were found to be inadequately developed from a psychometric perspective, some probable sources of their deficiencies were identified. How to deal with these limitations in the present and avoid them in the future are topics meriting serious discussion.
Looking at the test content and methods of score interpretation undertaken by test authors, we saw considerable and possibly perilous complexity. All but one of the tests addressed two or more major content areas (motor speech function, nonverbal oral motor function, oral structure), and all addressed at least two purposes (screening, diagnosis, planning treatment, assessing behavior change). Because these content areas and purposes are recognized as important to a comprehensive assessment of motor speech disorders (Strand & McCauley, 1999) , it is understandable that test authors would attempt to develop a single test to address them. Doing so would seemingly promise potential efficiencies for the test user and developer alike. However, addressing multiple content areas and purposes poses additional demands on the test development process. For example, items designed to be used for diagnosis versus treatment planning are often written and selected on differing grounds, resulting in diverging strategies of test development. These complications are possibly not the best use of limited resources of time and capital. Consequently, those undertaking future development or revision of tests in this area should either limit their test's planned scope or assiduously meet the ensuing demands within a more comprehensive developmental process (such as that described in Downing & Haladyna, 2006) .
Because reliability forms a foundation for validity, it is often among the first forms of evidence collected to support a test's use. Only the KSPT and VMPAC examined test-retest reliability, and only the VMPAC assessed interexaminer reliability. Neither effort met operational definitions for adequacy, however, due to failures to provide readily available information, such as the test-retest interval, statistical significance of reported reliability coefficients, and examiner characteristics.
Similar problems were identified with regard to evidence of validity. Despite operational definitions designed to provide great flexibility in how evidence was offered, most tests did not provide adequate evidence. Again, however, failure to meet the operational definitions was often the result of a failure to report information that was probably readily available to the test authors, or could have been, with adequate preparation and attention. For example, greater attention to selecting and describing participants and to reporting of statistical data would have led three tests to have produced satisfactory evidence in support of validity. Therefore, future test development efforts should incorporate more thorough descriptions of their methods.
At the outset, we anticipated that the quality of existing tests used for motor speech disorders in children was at risk because of the emerging knowledge base concerning these disorders, their changing nature over children's development, and difficulties associated with developing performance tests for young children. In fact, the deficiencies we observed appeared attributable to a lack of attention to basic psychometric standards (e.g., AERA et al., 1999) . This oversight is understandable in that clinically oriented test authors are typically well trained in their content areas, but not necessarily in the complex field of psychometrics or, especially, in the connection between test development and research (Streiner & Norman, 2003) . The authors of these six tests should be commended for their efforts in providing much needed assessment tools. Their work will form the basis for further advances in tests of motor speech performance.
The pressures to produce measures that are short enough to be feasible for young test takers but long enough to suggest use for several purposes must surely be felt as part of the pressure to develop financially viable products. Because of the varying types of expertise and higher levels of funding required for an adequate program of research to offer evidential support for tests, collaborative and publicly funded efforts should be marshaled to help address test development in this area.
The future of test development in this area seems promising and worthy of broader collaborative efforts and more substantial financial support for at least two reasons. First, scholarly interest and activity related to test development is burgeoning. In addition to the traditional perspectives associated with psychological and educational testing (AERA et al., 1999; Downing & Haladyna, 2006) , evidence-based practice perspectives associated with epidemiology and more recently with speech-language pathology (e.g., Dollaghan, 2004; Sackett, Richardson, Rosenberg, & Haynes, 2000; Spaulding et al., 2006; Straus, Richardson, Glasziou, & Haynes, 2005) provide ample fuel for future improvements. For older children (6 years and above), computerized efforts to address the motivational and measurement issues associated with maximal performance tasks seem promising (Rvachew et al., 2005) .
Second, the knowledge base concerning motor speech disorders in children is growing in ways that can support test development, especially in the area of diagnosis. In particular, Shriberg and his colleagues are undertaking programmatic research designed to identify acoustic and genetic markers of CAS (e.g., Shriberg, 1993 Shriberg, , 2003 Shriberg et al., 2006; Shriberg, Green, et al., 2003) These and related efforts, including those designed to identify correlated brain differences through imaging techniques, present existing and future test authors with measures that may eventually serve as gold standards. In the meantime, however, clinicians are in the position of having no tests that can be considered well developed for use with children with motor speech disorders. Within an evidence-based practice perspective, one is enjoined to find the best evidence (or test) available and to use it along with clinical experience and knowledge of the client (Sackett et al., 2000) . Consequently, clinicians' knowledge of these disorders and clinical experience with them assume primary importance in determining the quality of decision making.
As part of their clinical decision making in children's motor speech disorders, clinicians may continue to turn to standardized tests, but they will want to do so with a philosophical appreciation of the current status of such measures. For example, they may choose to use one of the six standardized tests we reviewed, consider it a sample of behaviors that they believe are relevant to the decisions to be made, and report their findings with appropriate cautions. Alternatively, they may pursue the development of an informal measure themselves or adapt an existing tool. Any of these methods requires cautious use and interpretation because of their unknown or rudimentary claims to reliability and validity (McCauley, 2001; Vetter, 1988) . Still, no alternative is as satisfying as having at least the option of choosing from an array of well-developed standardized tests. Therefore, clinicians will probably want to learn more about test development as a basis for urging publishers, funding agencies, researchers, and individual test authors to contribute to the development of better tests for children with motor speech disorders.
